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(54)Tltte: TORIC CONTACT LENSES 
(57) Abstract 

A tone contact lens includes a posterior surface 
and an anterior surface, one of these surfaces including 
a tone optical zone, and these surfaces being shaped to 
form a ballast. A diameter of the posterior optical zone 
and a diameter of the anterior optical zone are selected to 
minimize thickness of the lens based on the cylindrical 
correction of the lens. 
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TORIC CONTACT LENSES 

Contact lenses having a toric optical zone (commonly referred to as "toric contact 
lenses") are used to correct refractive abnormalities of the eye associated with 
astigmatism. The toric optical zone provides cylindrical correction to compensate for the 
astigmatism. Since astigmatism requiring vision correction is usually associated with 
other refractive abnormalities, such as myopia (nearsightedness) or hypermetropia 
(farsightedness), toric contact lenses are generally prescribed also with a spherical 
correction to correct myopic astigmatism or hypermetropic astigmatism. The toric 
surface may be formed in either the posterior lens surface (back surface toric lens) or in 
the anterior lens surface (front surface toric lens). 

^ Whereas spherical contact ienses may freely rotate on the eye, toric contact lenses 
have some type of ballast to inhibit rotation of the lens on the eye so that the cylindrical 
axis of the toric zone remains generally aligned with the axis of the astigmatism. For 
example, one or more sections of the lens periphery may be thicker (or thinner) than other 
sections to provide the ballast. Toric contact lenses are manufactured with a selected 
relationship (or offset) between the cylindrical axis of the tone optical zone and the 
orientation of the ballast. This relationship is expressed as the number of degrees 
(rotational angle) that the cylindrical axis is offset from the orientation axis of the ballast. 
Accordingly, toric contact lens prescriptions specify this offset, with toric lenses generally 
being offered in 5 or 10-degree increments ranging from 0** to 180**. 

In summary, a prescription for a tone contact lens will typically specify spherical 
correction (power), cylindrical correction and axes offset to define the optical correction, 
as well as lens diameter and base curve to define fitting parameters. 

In prescribing a patient with a toric contact lens, practitioners conventionally use 
sets of diagnostic contact lenses to determine which lens provides appropriate fitting 
characteristics and optical correction. It is desirable that lenses in such sets have 
consistent fitting characteristics over the range of optical corrections. However, a 
problem with toric contact lenses is that, in order to provide a series of toric lenses over a 
range of cylindrical corrections, thickness of the lenses in the series will typically vary 
considerably based on cylindrical correction; for example, higher cylinder lenses will have 
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greater thickness in at least one portion of the lenses. This ultimately results in lenses in 
the series having different fitting characteristics, affecting on-eye comfort at certain 
cylindrical corrections, as well as affecting efficiencies in manufacturing the lenses. 

Thus, a lens design which provides consistent fitting characteristics over a wide 
range of spherical and cylindrical corrections would be highly desirable. 

FIG. 1 is a schematic cross-sectional illustration of a contact lens according to an 
embodiment of the invention. 

FIG. 2 is a schematic exploded view of one embodiment of a mold assembly for 
cast molding contact lenses. 

FIG. 3 is a schematic cross-sectional view of an assembled mold assembly shown 
in FIG, 2\ 

^IG. 1 schematically illustrates a representative toric contact lens 1 . Central zone 
11 of posterior surface 3 is toric, i.e., this zone has a toric surface that provides the 
desired cylindrical correction. Posterior surface 3 may include at least one peripheral 
curve 12 surrounding the central toric zone 1 1 . For the described embodiment, central 
zone 21 of anterior surface 4 is spherical, and the spherical curve is matched with central 
zone 1 1 to provide the desired spherical correction to the lens. Anterior surface 4 may 
include at least one peripheral curve 22 surrounding central zone 2 1 . 

Toric lenses are provided with a ballast so that the lens maintains a desired 
rotational orientation on the eye. As one example, schematically shown in FIG. 1, lens 1 
includes a prism ballast wherein peripheral section 24 has a different thickness than an 
opposed peripheral section 25 of the lens periphery. (Section 25 is at a "bottom" portion 
of the lens, since, when this type of toric lens is placed on the eye, the prism ballast is 
located downwardly.) The ballast is oriented about an axis, referred to herein as the 
"ballast axis". As discussed above, toric contact lens prescriptions define the offset of the 
ballast axis from the cylindrical axis of the loric zone by a selected rotational angle, the 
term "offset" being inclusive of rotational angles of 0 degrees or 1 SO degrees also, 
wherein the cylindrical axis is coincident with the ballast axis. 

The present invention is based on several findings. 

As mentioned, practitioners conventionally use sets of diagnostic contact lenses to 
determine which lens provides appropriate fitting characteristics and optical correction, 
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and it is desirable that lenses in such sets have consistent fitting characteristics over the 
range of optical corrections. It is economically and practically preferable to use the 
smallest number of diagnostic lenses that will predict performance of the patient's 
prescription. 

The thickness profile of a toric contact lens such as the lens shown in FIG. 1, i.e., 
the thickness of the contact lens at any nominal point on the lens, is affected by several 
factors, including spherical correction, cylindrical correction, axes offset, center thickness 
and ballast. Thus, for a series of contact lenses having different cylindrical corrections (but 
similar fitting characteristics such as a common effective base curve and overall diameter), 
the thickness of at least one section of the contact lens will vary based on the variations in 
the aforementioned factors. 

1 The thickness profile of a toric contact lens strongly influences fitting and on-eye 
comfort. As mentioned, it is desirable that a series of contact lenses exhibit consistent 
fitting characteristics, and it is of course important that contact lenses are comfortable to a 
wearer. 

Although spherical correction, cylindrical correction, and axes offset affect 
thickness profile, these parameters are dictated by the refractive error of a patient's eye, 
and therefore, from a lens design perspective, lenses must include these parameters in 
order to correct the refractive error. 

Center thickness of the lens is dependent on spherical correction, and therefore, 
from a lens design perspective, only minimal adjustments can be made to center thickness 
to compensate for differences in thickness profile. Furthermore, for manufacturing 
processes such as cast molding, it is inefficient to try and vary center thickness among 
lenses in a series as a means to maintain a consistent thickness profile, as varying center 
thickness over a series of lenses requires a larger number of unique molds and tooling 
therefor. 

In cast molding operations, the provision of a ballast into the lens is typically 
achieved by the offset between the anterior and posterior molding surfaces, and again, it is 
inefficient to adjust such offsets for a series of lenses as a means to maintain a constant 
thickness profile, since this would result in a much larger number of types of molds and 
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tooling therefor being required. Furthermore, changes in ballast design over a series of 
toric contact lenses can affect fitting characteristics. 

Applicant found, however, that by adjusting the diameters of the posterior and/or 
anterior optical zones, based on the cylindrical correction of a toric contact lens, the 
thickness profile of the lens can be maintained fairly constant over a series of lenses, 
including lenses having a range of cylindrical corrections. In other words, in a series of 
contact lenses having different cylindrical corrections, the thickness of lenses in the series, 
at any nominal section of lenses in the series, can be maintained consistent across the 
series. The diameters of the optical zones are selected based on the cylindrical correction 
of the lens. Therefore, fitting parameters such as effective base curve and lens diameter 
can be maintained constant throughout the series, and the optical zone diameters are 
selected to minimize variations in thickness of the lens based on the cylindrical correction 
of the lens. 

This leads to several advantages. First, fitting parameters of the lens, as well as 
on-eye comfort, are consistent for the lens series. Second, from a manufacturing 
perspective, the variation in optical zones has a minimal effect on the number of unique 
molds and tools therefor that need to be maintained for molding such a series of toric 
contact lenses. 

The invention is applicable for toric contact lenses having cylindrical corrections 
ranging from at least -0.75 diopter to -2.75, and even up to -3.75 diopter, -4.25 diopter 
and greater. 

At any portion of the lens, each lens in the series will preferably have a thickness 
that is not more than 0.2 mm than other lenses in the series, more preferably no more than 
0.15 mm. Thus, a consistent thickness profile is maintained throughout the lens series. 
Generally, each lens in the series will have a maximum thickness at a top of the optical 
zone of 0.2 mm, more preferably 0. 19 mm. (The thickness at the ''top" of the optical 
zone is the thickness at the highest optical zone juncture when the lens assumes its 
intended position on the eye. Thus, in the case of the configuration shown in FIG. I, the 
thickness top of the optical zone is the thickness at the optical zone juncture furthest from 
the prism ballast.) Also, generally each lens will have a maximum thickness in the 
ballasted area of 0,5 mm, more preferably 0.4 mm. It is believed that thickness at these 
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portions of the lens have a greater effect on fitting and comfort of the lens, and 
thicknesses above these maximum values will deleteriously affect on-eye comfort. 

Each lens in the series will preferably have a posterior optical zone diameter of 6.5 
to 10 mm, more preferably 7 to 8 mm, and an anterior optical zone diameter of 6.5 to 10 
mm, more preferably, 7.8 to 9 mm. Generally, the diameter of the posterior optical zone 
will be smaller than or equal to a diameter of the anterior optical zone. 

It has been found that, generally, the greatest variation in thickness profile among 
lenses in the series will be center thickness. (Center thickness is the thickness of the lens 
at is geometric center, i.e., at halfway along the overall lens diameter.) Nonetheless, 
center thickness will generally not vary more than about 0.2 mm among lenses in the 
series, and preferably no more than about 0. 15 mm. However, it is believed that 
variations in center thickness affects fitting and on-eye comfort less that variations in 
thickness at the ballast and top of the optical zone junction, at least for the relatively small 
variations in center thickness achieved by the invention. It is preferred that each lens in 
the series has a maximum ballast thickness that is not more than 0.05 mm than other 
lenses in the series, preferably not more than 0.03 mm. It is also preferred that the each 
lens in the series has a maximum thickness at a top of the optical zone that is not more 
than 0.05 mm than other lenses in the series, preferably not more than 0.03 mm. 

According to preferred embodiments, the lenses of this invention are cast molded 
by casting the lens between two mold sections, with an illustrative mold assembly is 
shown in FIGs. 2 and 3. The mold assembly includes posterior mold 30 having a 
posterior mold cavity defining surface 3 1 which forms the posterior surface of the molded 
lens, and anterior mold 40 having an anterior mold cavity defining surface 41 which forms 
the anterior surface of the molded lens. When the mold sections are assembled, a mold 
cavity 32 is formed between the two defining surfaces that corresponds to the desired 
shape of the contact lens molded therein. Each of the mold sections is injection molded 
from a plastic resin in an injection molding apparatus. 

According to a preferred embodiment of the invention, the lenses have the general 
configuration shown in FIG. 1 and are formed by a cast molding process according to the 
method described in US 5,61 1,970. the disclosure of which is incorporated herein by 
reference. An advantage of this lens configuration and cast molding method is that ii 

-5- 


wo 98/45749 


PCTAJS98/06106 


minimizes the unique number of tools to cast mold toric lenses having different axes 
offsets, since the same mold sections can be used to mold lenses having the same spherical 
power/cylindrical correction and fitting parameters, but different axes offsets. 

For this method, posterior mold cavity defining surface 3 1 has a toric central zone 
for forming a toric posterior surface of the toric contact lens that has a cylindrical axis, 
and anterior mold cavity defining surface 41 has a configuration that will provide ballast 
to a lens molded in molding cavity 32. Surfaces 31,41 may also include curves for 
forming desired peripheral curves on the lens, and the central zones of surfaces 31,41 
may be designed to provide a desired spherical correction to the molded toric lens. In 
molding lenses, the rotational alignment of the anterior and posterior mold sections is 
adjusted to correspond with the selected offset between the cylindrical axis and the 
ballast'. More specifically, after depositing a curable mixture of polymerizable monomers 
in anterior mold section 40, posterior mold section 30 may be rotated about axis 50 until 
alignment of this mold section is adjusted with respect to anterior mold section 40 at the 
selected rotational position. The mold sections are then assembled, or brought fully 
together, to assume the configuration shown in FIG. 3 while maintaining the selected 
rotational position. Alternately, anterior mold section 40 may be rotated about axis SO 
until alignment is adjusted at the selected rotational position, followed by assembling the 
mold sections while maintaining the selected rotational position. Either of the mold 
sections may include a notch (or protrusion) which is engageable with a protrusion (or 
notch, respectively) on a support member of the cast molding system, or other means to 
ensure that this mold section is aligned at a known position with respect to the support 
member, and rotation of the mold sections with respect to one another can then be 
controlled to ensure the desired rotational position is maintained. 

Subsequent to assembling the mold sections, the monomer mixture is polymerized, 
such as by exposure to UV light or heat, followed by disassembling the mold assembly 
and removing the molded lens therefrom. Other processing steps which may be included, 
depending on the specific process, include lens inspection, hydration in the case of 
hydrogel contact lenses, and lens packaging. An advantage of this cast molding method is 
that it minimizes the unique number of tools to cast mold lenses having different axes 
offsets. 
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Table 1 illustrates, based on several lenses in a series, how thickness profile is 
dependent on cylindrical power. 

TABLE 1 



Axis 

Anterior 

Posterior 

Top OZ 

Ballast 

Cylinder 

OfTset 

OZ 

OZ 

Thickness 

Thickness 

(diopter) 

(degrees) 

(mm) 

(mm) 

(mm) 

(mm) 







No Cvl 

N/A 

9 

8 

0.146 

0.368 

Low Cyl 

180 

9 

8 

0.153 

0.357 

Med Cvl 

90 

9 

8 

0.149 

0.366 

Med Cyl 

180 

9 

8 

0.155 

0.372 

High Cyl 

90 

9 

8 

0.143 

0.373 

High Cyl- 

180 

9 

8 

0.171 

0.381 


Table 2A illustrates, for the general toric lens configuration shown in FIG. 1 , 
posterior designs based on lenses providing a cylindrical correction ranging fronn -0.75 
diopter to -4.25 diopter. Table 2B illustrates suitable anterior designs that to be used in 
combination with the posterior designs in Table 2A. Table 28 also illustrates the 
expected center thickness when the anterior designs are used in combination with the 
posterior designs. Even though the center thickness variations ranged 0. 1 45 mm over the 
series, a near constant thickness at the at the top optical zone juncture and ballast, 
consistent with the values shown in FIG. 1, can be maintained through proper selection of 
the optical zone diameters. 

TABLE 2B 


TABLE 2A 


Lens 

Posterior 

Cylinder (D) 

OZ (mm) 

0.000 

8.0 

-0.750 

8.0 

-1.250 

8.0 

-1.750 

8.0 

-2.250 

8.0 

-2.750 

7.5 

-3.250 

7.5 

-3.750 

7.0 

-4.250 

7.0 


Lens 

Anterior 


Sphere (D) 

OZ (mm) 

CT (mm) 

0.00 

8.3 

0.240 

-1.00 

8.6 

0.215 

-2.00 

9.0 

0.200 

-3.00 

9.0 

0.195 

-4.00 

9.0 

0.180 

-5.00 

8.6 

0.140 

-6.00 

8.2 

0.120 

-7.00 

8.2 

0.110 

-8.00 

7.8 

0.095 

-9.00 

7.8 

0.095 


The lens designs in Tables 2A and 2B are suitable for forming lenses by a cast 

molding process according to the method described in US 5,601,759, the disclosure of 

which is incorporated herein by reference, wherein a matrix of posterior and anterior mold 
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tjrpes, each type incorporating a different posterior or anterior contact lens design, can be 
selectively combined to obtain a range of optical powers. This minimizes the need to have 
a unique posterior design for every unique anterior design, thus contributing to 
manufacturing efficiencies. 

Although certain preferred embodiments have been described, it is understood that 
the invention is not limited thereto and modifications and variations would be evident to a 
person of ordinary skill in the art. As examples, this invention is applicable for toric lens 
ballast types (i.e., design features that inhibit rotation of the toric lens on the eye or 
facilitate the toric lens maintaining a desired orientation on the eye) other than that shown 
in FIG. 1, or the lens may have the toric zone in the anterior surface. Additionally, other 
forms of manufacturing the lenses v^ill be evident to one skilled in the art. 

We claim: 
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1. A toric contact lens including a posterior surface and an anterior surface, 
one of said surfaces including a toric optical zone and the other of said surfaces including 
a spherical optical zone, the anterior and posterior surfaces being shaped to form a ballast 
oriented about a ballast axis, 

wherein a diameter of the posterior optical zone and a diameter of the anterior 
zone are selected to minimize thickness of the lens based on the cylindrical correction of 
the lens. 

2. The contact lens of claim 1, wherein the diameter of the posterior optical 
zone is smaller than or equal to a diameter of the anterior optical zone. 

3. The contact lens of claim 1, wherein the lens has a prism ballast having a 
maximum thickness of 0.4 mm. 

4. The contact lens of claim 1, wherein the lens has a maximum thickness at 
the top optical zone of 0.2 mm. 

5. The contact lens of claim 4, wherein the maximum thickness at a top of the 
optical zone is 0.19 mm. 

6. The contact lens of claim 1, wherein the diameter of the posterior optical 
zone is 6.5 to 10 mm, and the diameter of the anterior optical zone is 6. S to 10 mm. 

7. The contact lens of claim 6, wherein the diameter of the posterior optical 
zone is 7 to 8 mm, and the diameter of the anterior optical zone is 7.8 to 9 mm. 

8. A series of toric contact lenses, each lens in the series including a posterior 
surface and an anterior surface, one of said surfaces including a toric optical zone and the 
other of said surfaces including a spherical optical zone, the anterior and posterior 
surfaces being shaped to form a ballast oriented about a ballast axis, each lens in the series 
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having a common effective base curve and overall diameter but different cylindrical 
correction, 

wherein each lens in the series has a posterior optical zone diameter and an 
anterior optical zone diameter that are selected to optimize thickness of lens based on the 
cylindrical correction of the lens. 

9. The series of claim 8, wherein each contact lens has a posterior optical 
zone diameter that is smaller than or equal to an anterior optical zone diameter. 

10. The series of claim S, wherein each contact lens has a prism ballast having 
a maximum thickness of 0.4 mm. 

1 1 . The series of claim 8, wherein each contact lens has a maximum thickness 
at a top of the optical zone of 0,2 mm. 

12. The series of claim 1 1, wherein the maximum thickness at the top optical 
zone is 0. 1 9 mm. 

13. The series claim 8. wherein each contact lens has a posterior optical zone 
diameter of 6.5 to 10 mm, and an anterior optical zone diameter of 6.5 to 10 mm, 

14. The series of claim 13, wherein each contact lens has a posterior optical 
zone diameter of 7 to 8 mm, and an anterior optical zone diameter of 7.8 to 9 mm. 

15. The series of claim 1 , wherein each lens in the series has a thickness at any 
portion of the lens that is not more than 0.2 mm than other lenses in the series. 

16. The series of claim 1. wherein each lens in the series has a thickness at any 
portion of the lens that is not more than 0, 1 5 mm than other lenses in the series. 

-10- 
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17. A series of tone contact lenses, each lens in the series including a posterior 
surface and an anterior surface, one of said surfaces including a tone optical zone and the 
other of said surfaces including a spherical optical zone, the surfaces being shaped to form 
a ballast oriented about a ballast axis, each lens in the series having a common effective 
base curve and overall diameter but different cylindrical corrections ranging from at least - 
0.75 to -2.75. 

wherein each lens in the series has a thickness at any portion of the lens that is not 
more than 0.2 mm than other lenses in the series. 

18. The series of claim 17, wherein each lens in the series has a thickness at 
any portion of the lens that is not more than 0. 15 mm than other lenses in the series. 

19. The series of claim 17, wherein each lens in the series has a maximum 
ballast thickness that is not more than 0.05 mm than other lenses in the series. 

20. The series of claim 17, wherein each lens in the series has a maximum 
thickness at a top of the optical zone that is not more than 0.05 mm than other lenses in 
the series. 

21. The series of claim 1 7, wherein each lens has a toric posterior optical zone. 

22. The series of claim 21, wherein each lens has a prism ballast in the anterior 

surface. 


.11- 


wo 98/45749 


PCT/US98/06106 



INTERNATIONAL SEARCH REPORT 


Inte >nal Application No 

PCT/US 98/06106 


A. CLASSinCATlONOF.SUBJECTtMTTER 

IPC 6 G02C7/04 


According to International Patent Ctas3tfteation(IPC) or to both nationai classification and IPC 


B. FIELDS SEARCHED 


Minmium documentation eeatched (classification system (oUowed t)y classification aymboto) 

IPC 6 G02C 


Documentation searched other than mlnimumdocumentation to the extent that such documents are included in the fieids searched 


Electrenic data base consulted during the international search (name of data base and, where practicai. search terms used) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Categoty " Citation ot document, with indication, where appropiiate, of the tetevant passages 


Relevant to claim No. 


FR 2 281 584 A (FRITH JOHN) 5 March 1976 
see page 1 - page 4, line 23 

WO 89 07303 A (NEWMAN STEVE ;NOACK DON 
(AU)} 10 August 1989 
see page 3 - page 6 

EP 0 614 105 A (SCHERING CORP) 7 September 
1994 

see abstract 

see column 1 - column 3, line 50 


1-22 
1-7 

1-7 


□ 


Further documents are listed In the continuation of box C. 


Patent family members are listed in anrwx. 


* Special categories of cited documents : 

"A' documdrrt defining the general state of the art which Is not 

considered to be of particular relevance 
"E" eartier document but published on or after the imernational 

fifing date 

•L' document wt^ich may throw doubts on pnonty ciaim(s) or 
' which is dted to establish the publicatlondate of another 
citation or other special reason (as specified) 

"O" documem referring to an oral disciosure, use, exhibition or 
other means 

"P" document publishad prior to th© international filing date but 
later than the pnority dale daimed 


T' later document published after the International filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 

invention 

"X" documem of partlcuiar relevance; the claimed invemion 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document ts taken atone 

"Y" document of particular relevance: the claimed invention 

cannot be considered to involve an inventive step when the 
documem Is combined with one or more other such docu- 
ments, such combination being obvious to a person sicilled 
in ttio art. 

'&" cJocument member of the same patent family 


Date of Uie actual completion of theintemational search 


22 June 1998 


Date of mailing of the imernational search report 


02/07/1998 


Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patentiaan 2 
NL • 2280 HV Rljswijlt 
Tel. 340-2040. Tic. 31 651 epo ni. 

Fax: (+31-70) 340-3016 


Authorized officer 


CALLEWAERT, H 


Foim PCT/ISA/21 0 (second shoot) < July 1 992) 


INTERNATIONAL SEARCH REPORT 

infoimtlion on patent family mem ban 

Into pnol Appilcatton No 

PCT/US 98/06106 

Patent document 
cited in search report 

Publication 
date 

Patent family 
member(s) 

Publication 
date 


FR 2281584 A 05-03-1976 NONE 


WO 8907303 A 10-08-1989 AU 3181089 A 25-08-1989 

EP 0398984 A 28-11-1990 

US 5125728 A 30-06-1992 

DE 68922301 D 24-05-1995 

DE 68922301 T 11-01-1996 


EP 0614105 

A 

07-09-1994 

US 

5020898 

A 

04-06-1991 




AT 

137344 

T 

15-05-1996 




AU 

634624 

B 

25-02-1993 




AU 

7002991 

A 

01-08-1991 




CA 

2035102 

A,C 

30-07-1991 




DE 

69118935 

D 

30-05-1996 




DE 

69118935 

T 

31-10-1996 




DK 

440107 

T 

10-06-1996 




EP 

0440107 

A 

07-08-1991 




ES 

2086421 

T 

01-07-1996 




JP 

2695056 

B 

24-12-1997 




JP 

4212925 

A 

04-08-1992 


f=ofm PCT/ISA/210 (patent teni9y anrax) (July 1d92) 


